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Fig. S1. Illustration of different types of two-dimensional (2D) percolation model. Fig. S2 . Illustration of 2D percolation with tunneling and atomic switches. Discs are randomly placed between the contacts and are allowed to interpenetrate. For large system sizes a continuous pathway exists between the contacts for p > p c ~ 0.68. It has been shown (30) that this model of overlapping discs provides a good description of the conductance of networks of deposited nanoparticles. (E) Percolation with tunnelling, p < p c . In the continuum model, and near to but below the percolation threshold, quantum tunnelling between particles is possible for small gap sizes (red symbols), allowing conduction even when no continuous pathway exists. (F) Percolation with tunnelling at ~p c . Tunnelling connections coexist with a continuous pathway between the contacts. Switching events occur within tunnel gaps when the applied electric field causes the formation of atomic filaments, or when the electric current breaks previously formed filaments (29). (E) For p << p c , few groups of particles are connected by small tunnel gaps and avalanches cannot propagate far. (F) For p ~ p c there are many tunnel gaps available for switching and any switching event is likely to generate further switching events, leading to prolonged avalanches. (G) For p > p c , a well-defined stable ohmic conduction path shorts out the contacts and so relatively few tunnel gaps can be activated by the applied electric field.
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Fig. S3
. Choice of threshold. In order to identify switching events in the signals from the percolating devices, a threshold is used: changes in conductance greater than the threshold are counted as events. The value of the threshold is chosen to be close to but above the noise level. The data presented in this figure is from sample I (see Fig. 3A ) but all data from all samples shows similar behaviour. (A) The avalanche size distribution is not significantly affected by changes to the threshold value over the range 0.005 -0.001 G 0 (blue -red). (B) The avalanche duration distribution is similarly robust against changes in the threshold value. (C) Although there is some variation in the values of the fitted exponents (τ and α) as a function of the threshold value (due mainly to the change in mean IEI value that is used for binning the data -see fig. S4 and Materials and Methods), the value of 1/σνz derived from the crackling relationship (green) is in good agreement with the 1/σνz values obtained from the <S>(T) (blue) (as in Fig. 3C ) and shape collapse (cyan) (as in Fig. 3D , E) over the entire range of threshold values. The demonstration of criticality is therefore not affected by the event detection procedure. (C) The power law exponents of the size and duration distributions do change as a function of bin size (red and amber), but they do so in such a way that the three estimates of 1/z (crackling relationship: green; <S>(T): blue; shape collapse: cyan) are still consistent with criticality: green, blue, and cyan symbols agree within the uncertainties for almost every bin size. Note that the uncertainties increase for large bin sizes because the number of avalanches decreases significantly. The mean IEI is indicated by the vertical purple line. This demonstrates that the choice of bin size does not significantly affect the results of the avalanche analysis.
Fig. S5. Comparison of power law and other fits to the avalanche size and duration distributions.
Left: probability density functions, reproduced from Fig. 3 ; centre: corresponding complementary cumulative distribution functions (CDF); right: tables of fitted parameters. Fitted curves are obtained for the data over the same ranges as are shown in Fig. 3 using maximum likelihood estimators as described in refs. (43, 46) . The fits are compared using the Bayesian information criterion (BIC) (47). The weights (w BIC ) indicate the relative probability that each model provides the best fit. The compared distributions are power law ( − , black), exponential (exp(− ), gray), log-normal ( −1 exp[− −2 (ln − ) 2 /2], green), and Weibull ( −1 exp(− ), cyan). Note that the log-normal and Weibull fits are so similar that it is difficult to resolve the green and cyan lines. In each case the power law distribution is favoured over all the others. While the log-normal and Weibull distributions produce fits that appear to the naked eye comparable to the quality of the power law fit, the BIC takes into account the larger number of parameters required to achieve the fit. Note also that the mean of the log-normal distribution is exp( + 2 /2) and the mean of the Weibull distribution is −1/ Γ(1 + −1 ) which are smaller than 1 (and in many cases smaller than 0.01) for every fit. These values are clearly unphysical and are incompatible with the actual means of the distributions. The unphysical fitted parameters are chosen by the fitting procedure because they result in log-normal and Weibull distributions that approximate power laws in their tails. Fig. 4 is replotted here in a different form. The data is consistent with a linear relationship between power law exponents of avalanche size (τ) and avalanche duration (α), with three independently derived estimates of the average value of 〈1/σνz〉 (derived from the crackling relation (green), <S>(T) (dark blue), and avalanche shape collapse (light blue)), and hence with corresponding results from biological systems (see discussion in (27)). The slopes of the dashed lines represent the average of the 1/σνz values from Fig. 4(A-F) . The majority of (τ, α) values fall within the shaded regions, which represent the statistical uncertainties (one standard deviation) of the 1/σνz values. The range of τ values from our percolating networks is smaller than previously observed in biological experiments (27, 40, 41) making it difficult to explore the α(τ) relationship in more detail.
